Abstract
Introduction
Image processing is a very important research area in electrical engineering and computer science [1] [2] [3] . Digital image inpainting is a branch of image processing, and first introduced by Bertalmio et al. [4] , in which third order partial differential equations (PDE) are used to diffuse the image information into the missing regions. Inpainting technique is applied to fill in the missing areas and modify the damaged areas. The task of filling in or modifying cannot be detected by observers who are not familiar with the original images after restoration. PDE methods take advantage of the Thermo diffusion equation to diffuse the information of the regions around the damaged regions to the damaged regions [5] . Curvature Driven Diffusions (CDD) scheme is the most representative scheme of the method, but the CDD inpainting scheme cannot be lifted to a variation or Bayesian model, unless another new term representing the transportation mechanism is incorporated [6] . Besides, there is a variation of the inpainting technique based on Geometric image model, whose main idea is to imitate the process of human artist inpainting. The most representative model of this technique is the Total Variation (TV) model, which works remarkably well for local inpainting such as text removal [7] [8] . The major drawback of the TV inpainting model is that it does not restore a single object satisfactorily when the disconnected remaining parts are separated far apart in the inpainting domain. As a result, the diffusion process introduces some blur, which is noticeable when the algorithm is applied to fill larger regions. The connectivity principle of vision psychology cannot therefore be realized well by the TV method [9] [10] .
Intelligent computing also known as soft computing, which mainly include fuzzy logic, neural networks (NN), evolutionary algorithms (EAs) and the combined method of any formers, are rapidly developed in recent years. Our previous work employs neural networks in image inpainting and proposes a multilayer image inpainting approach based on self-organizing map (SOM) [11] . An image was separated into several layers and the damaged pixels in each layer are labeled and restored respectively by SOM image inpainting method. After restoring these damaged pixels of every layer, those inpainted layers are then fused together to provide the final inpainting results. inpainting. Compared with the most representative TV model, the merits of the SOM inpainting method have been demonstrated by case studies [11] .
EA is a kind of soft computing technique that has been applied in bioinformatics, computational science, engineering, chemistry, manufacturing, mathematics and other fields [12] [13] . It is a search technique used to find exact or approximate solutions to optimizing and searching problems. Our previous work proposed an improved EA for quality of service (QoS) routing problems in optical fiber communication networks [12] . Our other previous work introduced supervised rules into the EA to propose a supervised EA for solving QoS routing problems [13] . Simulation results demonstrate the effectiveness of the methods. In this paper, we present an image inpainting method based on EA, which is different from conventional image inpainting methods. Efficiency of the method is demonstrated by case studies.
This paper is divided into four sections. Section 2 describes the layout of the proposed scheme. Section 3 presents the proposed image impainting method based on EA, which includes extraction of related structural information, optimizing structure information by EA to find matching contour lines, and restoring damaged structural information and texture information. Performance of the proposed method is also demonstrated. Section 4 concludes the paper.
Layout of the proposed scheme
The main idea of the proposed method is to repair the structure information and texture information separately. Contour lines are important structure information components for an image. Evolutionary algorithm is employed to find the matching contour lines of the image. The layout of the proposed method is shown in Fig.1 . After the related structural information is extracted from the image, EA is employed to find matching contours lines by using the related structural information. In the third step, the structural information is restored first by using the matching contour lines and these contour lines separate the image into several parts. The textural information in every part is restored one by one in the fourth step. When the damaged pixels in each part have been filled, the final inpainted image is obtained.
Image restoration based on evolutionary algorithm

Extract related structural information from the original image
Extracting the structure information from the source area of image is the first step of this method. In this paper, the structure information is described by distinct or indistinct contour lines in an image. In the source area of the image, all the contour lines that present the structure information are obtained. 
The location of contour lines can be obtained by Equation (2) that represents the modular of the gradient.
Another way is to calculate the gradient of function
, and use the following Laplace equation to obtain the location of the image contour lines. 
The image contour lines are obtained by finding the points which make ) , (
Canny method applies two thresholds to the gradient: a high threshold for low edge sensitivity and a low threshold for high edge sensitivity to obtain the image contours.
For a damaged image as shown in Fig. 2 (a) , the damaged area, which is marked by black color, will form contours inevitably as shown in Fig. 2 (b) . There are some contours which do not belong to original contours of the image, and we name them non-related contours. The non-related contours and some contour lines that are not related to the damaged area are removed from the Fig. 2(b) . Then the original contours that are related to the damaged area are obtained as shown in Fig. 2(c) . Those original contour lines are called related contours. In this paper, the pixels that can describe the connection relationship between the contour lines and the damaged area are called related-pixels, which are located in the white rectangles as shown in Fig. 2  (d) . The area of related-pixels are extracted from the source area of the image and connected to the damage area. One of the related contour lines can divide the area of related-pixels into two parts, A and B as shown in Fig. 2 (d) . The information related to the related-pixels is called related-information. The related-information is represented by the following:
where m represents average brightness. i z represents the brightness value of the i th pixel in the area of related-pixels;
indicates the probability of i z in the area of related-pixels; L represents the total number of the pixels in the area of related-pixels.  represents average contrast.
We call all the related contours, related-pixels and related-information as related structural information.
Optimizing structural information to find the matching contour lines by evolutionary algorithm
Although the contour lines in the damaged area are damaged or lost, they should be connected with the contour lines in the source areas. The connections between source area and damaged area should be in harmony, conformity according to the connectivity principle of human visual perception. The connections, which connect the lines in source area and lines in damaged area, should be matched well, and there should be no significant difference between textures. In this paper, evolutionary algorithm is employed to find the matching contour lines. The curve fitting algorithm is used to reproduce the structural information in the damaged area by using the results of EA.
Objective function designing
In order to satisfy the connectivity principle of human visual perception, an image inpainting method based on evolutionary algorithm is proposed and the optimization objective of the evolutionary algorithm is designed according to the following rules:
(1) The number of matching contours is as large as possible (2) The curvature of a function ) (x f is presented as the following:
The mean curvature of the ith connected lines is:
Coding and decoding mechanisms
Assuming that there are N contour lines that need to be matched, and each of chromosomes contains N parameters. Each individual of population is ranked according to the value of the objective function. Real-value coding method is used. The first gene is an integer in 
Fitness determining
The individual fitness is calculated according to each individual's position:
where MAX is selection pressure that is the best individual selected probability. x N is the serial number in sequence. ind N is the number of population size.
Restoring damaged structural information and texture information
The best matching contour lines are obtained by using EA combined with curve fitting method as shown in Fig. 2 (f) and Fig. 3 .
The image that includes damaged area (D) and source area (S) are divided into several parts by the contour lines after structural information is restored as shown in Fig. 3 . In Fig. 3 , the obtained two pairs of connected matching contour lines divide the image into 3 sections, and each section includes two parts: damaged parts (D1 to D3) and source parts (S1 to S3).
In order to make synthetic ideal as far as possible, the proposed method calculates each block of the synthesis of repair priority. Then, choose the most priority with the current block, and remove the profile in the region which have overlapping blocks, the remaining blocks is the current block. After getting the prospective restoration of all the current blocks, each block needs to search for its matching block in the available area. After filling in the texture information in all the damaged parts, we obtain the final inpainted result. 4 shows the performance of the proposed method. Fig. 4(a) shows the damaged image. Fig. 4 (b) shows the obtained related contour lines. Fig. 4(b) shows that the structural information is restored by the proposed method. Fig. 4(d) shows the final inpainted results. 
Performance of the proposed method
Conclusion
With the rapid development of computer technology, increasingly complex problems can be handled digitally. Evolutionary algorithms, as a branch of soft computing, have been applied to the digital image processing. This paper proposes an image inpainting method by using evolutionary algorithm. The main idea is to restore the structure information and texture information separately. The related information is used to extract related structural information of the image. Using the global optimization ability of evolutionary algorithms, the proposed method finds the matching contour lines. Matching contour lines are used to reproduce the structural information in the damaged area. The structural information separates the image into several parts. The textural information in each part is restored respectively. The proposed method is applied to restore the images with a large damaged area. Simulations demonstrate the high accuracy performance of the proposed method.
